Abstract The exponential growth of wireless traffic is an opportunity on one side and bottleneck on the other for the wireless industries. Long-Term Evolution (LTE) in unlicensed spectrum can be a good alternative for the cellular network operators to clutch this opportunity owing to limited licensed spectra. Limitation in licensed spectra causes co-existence issue with other technologies in unlicensed spectra like Wi-Fi and resources allocation issue to the existing LTE system. Moreover, most of the works consider QoS requirements of the users for allocating resources, which could not meet user's requirement. Thus, we propose a co-existence technique between LTE-U and Wi-Fi system considering the quality of experience (QoE) of the users. We have formulated an optimization problem for the existing problem. To solve co-existence and resource allocation issues, we have employed the Nash bargaining game and Bankruptcy game, respectively. Simulation results revealed the effectiveness of the proposed method over other methods in case of LTE users and also for Wi-Fi users.
Introduction
With the booming explosion of cellular traffic, many researchers are recommending to employ free unlicensed spectrum with existing LTE networks to serve and meet the growing requirements of the users. 3GPP has already announced Licensed-Assisted Access (LAA) of unlicensed spectrum in LTE network for the downlink in part of their release 13 [1] with the help of carrier aggregation (CA).
Though this strategy can probably resolve the spectrum deficiency issue of cellular networks, it will create a great concern for the existence of already deployed technologies in the unlicensed spectrum like Wi-Fi. Thus, LTE in unlicensed (LTE-U) will create two issues namely co-existence and resource allocation for the LTE network.
For solving the co-existence issue of LTE-U deployment, different authors mainly focused on either listen-before-talk (LBT) based approach or resource sharing approach. The authors of paper [2] and [3] propose LBT based approach of co-existence between LTE-U and Wi-Fi systems. In [2] , the authors use adaptive back-off window size depending on the rate requirements of LAA-UEs, but the performance of LBT based approach is not comparable with LTE system specially in dense deployment case. A proportional fair dynamic channel switch technique is proposed for LBT based LTE-U in order to coexist with Wi-Fi network in [3] . They introduce a frozen period by modifying binary exponential LBT to ensure correct channel switching decision. This approach is effective for low traffic only. Thus, when considering the performance issue of deploying unlicensed spectra with LTE network, authors mostly use resource sharing approaches ( [4] [5] [6] [7] [8] ) for solving the coexistence issue. The authors in both [4] and [5] , proposed effective coexistence approaches based on cooperative Nash bargaining game (NBG). They considered inter-operators' interference in their model and found optimal sharing time. In [4] , they used Bankruptcy game to allocate unlicensed resource among the users, whereas a heuristic algorithm is used in [5] . In both the cases, their approaches proved effective over other methods and can protect Wi-Fi system better way than basic LBT does. The authors formulated a resource allocation problem of an LTE-U system by decoupling the uplink-downlink and also a licensed-unlicensed band by engaging echo state network in [6] . They protect the Wi-Fi system by splitting the time between the two systems. But they didn't find optimal time and also did not consider interference from other LTE-U BSs. A ruin theory based coexistence model is proposed in the work [7] . It has no clear direction on how time resource will be shared between the two systems. In [8] , the authors use game theoretic approach for solving the coexistence issue between LTE-U and WiFi systems.
Most of the research works consider quality-ofservice (QoS) requirements of the users for allocating unlicensed resources to the users. But, QoS takes care of network operator's perspective, not the users' perceived quality of experience (QoE) and a system which is QoS fair, can be QoE unfair [9] . As per our knowledge, there is no work except [10] that deals with deploying LTE-U considering QoE of users. But authors of [10] did not consider the coexistence issue while trying to solve the spectrum sharing issue in 5G. Thus, in this paper, we propose a QoE-enabled co-existence mechanism for deploying LTE network in unlicensed spectra.
The rest of the paper is organized as follows: Section 2 presents the system model and problem formulation whereas Section 3 provides the solution approach for the concerned problem. Simulation and performance analysis are included in Section 4. Finally, we provide the concluding remarks in Section 5.
System Model and Problem Formulation
We have one small cell base station (SBS) and a set of non-overlapping Wi-Fi access points (WAP) working in downlink scenario as shown in Figure 1 .
SBS has a set of users N under its coverage area and each WAP has a set of connected users Ww. SBS has a set of licensed resource block L={1, 2, ..., L} for supporting its user. Both SBS and WAPs use same unlicensed spectrum in 5GHz band. The SBS can support a set of services S={1, 2, ..., S} by using a set of modulation and coding scheme (MCS) M={1, 2, ..., M}.
A. Application Model
QoE is application specific and we use mean QoE를 고려한 Unlicensed 스펙트럼에서의 LTE 배치 연구 
where  is the service response time.
(ii) File downloading: File downloading is an elastic service. We user the following MOS-throughput [12] relationship:
where  is the current rate offered to a user,   is the packet error probability, and  are coefficients.
(iii) Video Streaming: We use the MOS value as introduced in [13] and shown as follows:
where   denotes frame rate,  indicates sender bit rate,   ∼   are the coefficients and   is the packet error probability. 
where 
Solution of the Problem
To fulfill the objective of (5), SBS wants the major portion of  that will subdue the performance of Wi-Fi system. For a fair coexistence technique between these two systems, we need a win-win situation for both the parties. As  is limited, it is unlikely to maximize both parties objective simultaneously. That is why, we need an effective mechanism for sharing time between the two systems. The solution approach of the problem is shown in the Figure 2 . For solving the co-existence issue between the SBS and Wi-Fi, we can use Nash Bargaining Game (NBG) [14] that gives one unique and fair solution between contending parties. Using the solution concept of NBG, we can find the optimal sharing  time between the two systems and the result of our paper [4] is used here as follows:
where  is the ratio of average achieved rate of a Output:  3:
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Calculate     using   and (1) 
Conclusion
In this paper, we proposed a QoE oriented LTE-U technique that can co-exist with Wi-Fi system fairly. We formulated a MOS maximization optimization problem. For solving the problem, we used Nash bargaining game and Bankruptcy game. The proposed approach gave good average MOS and fairness among users than LTE-A, LTE-U(Equal), and LTE-U(Random) methods. Moreover, the proposed approach protected the Wi-Fi user fur better way than basic LBT.
